The gastrointestinal parasitoses of domestic animals have a great impact on the hematological status but nonetheless research on this subject concerning buffaloes is rare. Thus, the blood profile of buffalo calves naturally infected by parasites from the seventh to the 300 th day of life. Animals were distributed in three experimental groups treated with ivermectin, fenbendazole, and placebo, respectively. Changes of hematological parameters were related to the presence of adult gastrointestinal nematodes, which were diagnosed and identified by the presence of eggs in the feces of wormed animals as compared to those medicated.
Introduction
Helminthiases are considered limiting factors in buffalo production once they are responsible for the low development in young cattle and for mortality increase. The presence of parasites in the gastrointestinal tract significantly interferes with the production and activation processes of the hemopoietic tissue leading to anemia, hypoproteinemia, decrease of immunoglobulin levels, and leukocytosis. These changes found in wormed animals may occur by activation of the immune response, intestinal hemorrhage, and impairment of digestion and absorption of nutrients caused by the spoliative action of helminthes. Dargie e Allonby (1975) demonstrated that anemia in Merino sheep resulted from severe hemonchosis developed in three stages. In the first one, from the seventh to the twenty-fifth day after infection, anemia resulted from direct loss of blood; the erythropoietic response was absent, and the serum iron concentration was normal. In the second stage, from the sixth to the fourteenth week after infection, a regenerative anemia persisted due to the increase of erythropoiesis resulting from the ongoing blood loss. During this phase, the absorption and the availability of iron by the organism began to decrease, and its concentration increased in feces. The third stage is noteworthy for the severity of the anemia status resulting from the decrease of erythropoiesis due to the unavailabily of iron in blood and in bone marrow, which was related to a possible decrease in the globin synthesis, aminoacid with will result in reduced production in the proteic digestion disorder. The progressive hemonchosis culminated in nonregenerative anemia resulting from iron defiency.
Nonhematophagous helminthes such as Trichostrongylus spp. may also be involved with the anemia development in chronical infections. These act by the inhibition of erythropoiesis by means of competition for nutrients and interference with digestion, absorption, and availability of food nutrients such as copper, iron, and specific amino acids (Jain, 1986) . Láu (1985) assessed the hematological profile of buffalo calves naturally wormed by Neoascaris vitulorum and found a significant decrease of the number of erythrocytes, as well as reduction of the concentration of hemoglobin and of the hematocrit. The parasited animals also presented leukocytosis with eosinophilia. Patel et al. (1971) reported an increased number of erythrocytes and of the concentration of hemoglobin in healthy bulls during the summer, indicating a seasonal variation. Nevertheless, seasonal interference was not observed in calves once significant increases in the erythrocytes total count, in the concentration of hemoglobin, and in the leukocytes total count were recorded, especially in eosinophils and lymphocytes, in all seasons of the year.
As for age, Santos (1984) studied the hematological parameters of calves naturally infested infected with nematodes and concluded that the total number of leukocytes was smaller from the first to the 15 th day of life, with considerable posterior increase until weaning (180 days of life). The neutrophil: lymphocyte ratio in the interval from the first to the fifteenth day of life was 1.29 in male buffaloes and 1.02 in females; nonetheless, the same relation ratio verified on the 180 th day was 0.28 in males and 0.24 in females. Silva et al. (1992) After analyzing hemograms of Murrah buffaloes, from birth to one year of age, Bonfim (1995) reported of erythrocytes, of Hb, and of the HCT after 90 days. This decrease was ascribed to the size diminishing of erythrocytes in the first three months, followed by a gradual increase and a consequent decrease of the number. This study concluded that the age factor significantly influenced the values of erythrocytes, Hb, HCT, MCH, MCHC, total leukocytes, segmented neutrophils, lymphocytes, eosinophils, and basophils.
As no other work reported the hematological status of buffalo calves wormed by helminthes and of wormed calves up to 300 days of life, this study aimed at evaluating the influence of gastrointestinal parasites on the hematological status of them.
Material and methods
The study was made with a group of animals raised at the Fazenda Canoas and Fazenda Canoas do Jorge Grande, respectively identified as ranches A and B, located at Dores do Indaiá county, in the State of Minas Gerais, Brazil.
The animals were raised under the semi-intensive system. Napier grass and corn bran supplementation was provided for lactating buffalo females during the winter and for calves throughout the year. In ranch A calves were fed a liter of milk less per day as compared to Ranch B calves. The calves were monthly and individually corralled for feces and blood collection and for weight assessment with appropriate metric tape. Animals born during collection intervals were included in groups according to their age and study proposal for each group.
Aiming at the diagnosis of helminthes in order to correlate contingent differences in the hemogram of animals belonging to different groups, egg per gram of feces counts (EPG) were made in McMaster chamber, according to Gordon & Whitlock (1939) , modified by Whitlock (1948) according to Ueno & Gonçalves (1998) , besides coprocultures for the identification of helminthes genera present in the feces samples positive to the EPG exam, according to O´Sullivan´s (1950) methodology described by Ueno & Gonçalves (1998) . The nematode larvae were collected by the Baermann´s technique, mentioned by Ueno &Gonçalves (1998).
Blood collection was made by punction of the jugular vein, in 5mL glass flasks containing the anticoagulant 10% Ethylenediaminetetraacetic Acid (EDTA) for the total count of erythrocytes and leukocytes; determinations of the hemoglobin concentration (Hb), of the hematocrit (HCT), and of the hemacytometric indexes (MCV, MCH, and MCHC) in electronic instrument 1 using the impedance method to classify the different cell types. The erythrocytes diameter is used by the device as reference for the identification of the cell types 1 Blood Counter HORIBA ABX Diagnostics, Califórnia -USA of different animal species. The erythrocytes diameter of buffaloes is similar to that of cattle allowing the configuration of the mentioned instrument to be applied to bovines upon examination (Jain 1986 ). The total plasma protein concentration was determined by the colorimetric test in vitro by biuret according to Kaneko et al. (2008) .
Blood smears were made prior to the hemogram and were stained with May-Grünwald-Giemsa for subsequent differential count of leukocytes in an optical microscope, according to Jain (1986) .
For the identification of the helminthes species, a necropsy of a Group 6 animal was made. Feces samples were collected in all segments of the gastrointestinal treat and fixed in 10% formol solution.
The mean values were submitted to the statistical analysis using the SNK test with 5% of significance with the aid of Softwear S.A.S. 1998 version.
Toxocara spp., Strongyloides spp., Haemonchus spp., Cooperia spp., Paracooperia spp., and Oesophagostomun spp. were identified by the microscopical features of the eggs and larvae present in the feces in accordance with Levine (1980) .
Results
Toxocara vitulorum, Strongyloides papillosus, Haemonchus similis, Haemonchus contortus, Ostertagia trifurcata, Cooperia punctata, Paracooperia nodulosa, and Oesophagostomun radiatum were identified in the feces of the necropsed animals. Lesions in the mucosa of the small intestine and caecum and hypertrophia of mesenteric lymphonodes were visualized. The histopathological study of the transversal cut of intestinal node showed the presence of P. nodulosa larvae with intense accumulation of epiteloid macrophages, lymphocytes, and multifocal infiltration of eosinophils (Bastianetto et al., 2005) . After interruption of medication of the animals on the 180 th day of life in Ranch A, G2 animals presented an EPG increase in feces and decreased number of erythrocytes in the circulating blood (Tables 1 and 4 ).
The mean values of the analyzed parametres of animals composing G1 to G6 are demonstrated in Tables 2 to 7 . A significant difference (P<0.01) among the mean values of erythrocytes, Hb, HCT, and MCH was found as compared to the means of these parameters between G2 and G4 and G1 and G5 animals. A significant difference (P<0.01) in relation to MCV in animals of different genders was also observed.
Due to the antiparasitic effect of the medicine and the consequent absence or decrease of the spoliation caused by the helminth, the decrease of the erythrocyte number in G1 and G4 animals during the experimental period was not observed (Tables 2 and 3 The hematological parameters analysis, regardless the raising system, shows that G3 and G6 animals presented reduced concentration of Hb and MCH. A significant difference (P<0.01) among the mean values of erythrocytes, Hb, HCT, and MCH was found as compared to the means of these parameters between G2 and G4 and G1 and G5 animals.
In the differential count of leukocytes (Tables 8, 9 , 10, 11, 12, and 13), a significant difference (p<0.01) was found in relation to the month of collection in terms of number of lymphocytes, monocytes, segmented neutrophils, stab neutrophils, and eosinophils.
The number of eosinophils presented a significant difference (p<0.01) as compared to the parameters: raising system, month of collection, and interaction of raising system, month of collection, and treatment factors. G6 animals presented a greater number of eosinophils reaching 6.33±11.01x10 3 /mL on the 60 th day and 6.22±5.51x10 3 /mL on the 240 th day of age (Table 12) , older animals normally expected to have high parasitic infestation.
Discussion
Hematophagous and nonhematophagous parasites may cause anemia in wormed animals. Apparently, the bleeding caused by some helminthes species is the primary factor in the triggering of the anemic status as in the infection by Table 10 : Mean values and standard deviation of differential count of leukocytes of Jafarabadi buffaloes and halfbreed from the seventh to the 300 th day of life dewormed in Ranch A on the 15 (Jain, 1986) .
The higher number of EPG observed in Group 1, 2, and 3 animals in relation to Groups 4, 5, and 6 animals is probably the outcome of the raising system, to wit, a lower volume of milk intake by Ranch A animals, causing the reduction of the natural capacity of developing resistance to the diagnosed helminthes (Table 1) .
Associated to resistance decrease, the competition for nutrients and further spoliative action mechanisms of parasites on hosts are responsible for the significant decreases in the erythrocytes count, in the hematocrit, and in MCHC (P<0.01), in hemoglobin, and in MCV (P<0.05).
A significant difference (P<0.01) in relation to MCV in animals of different genders was also observed.
The EPG increase of G2 after 180 th day of life in Ranch A presented in feces and the decreased number of erythrocytes in the circulating blood were possibly due to the higher sensitivity of G2 animals to reinfestation by ingested helminthes larvae as compared to the G1, G3, G4, G5, and G6 animals. This generally occurs due to the absence of larvae stimulation able to trigger the development of immune response during the first months of life (Guimarães, et al. 1975 , Levine, 1980 , Lloyde and Solsby, 1987 .
The weather conditions observed during the periodaccumulated rainfall of 120mm and mean temperature of 24 o C -allowed the larval development, eclosion, and transfer period of nematode parasites in the gastrointestinal treat, infective from within the eggs present in feces. The control animals also presented an average concentration increase of EPG in October, which reflects the parasite challenge by trichostrongylus helminth parasites to which the animals were submitted in September.
Buffaloes from the Brazilian Southeast present reproductive seasonality and a consequent concentration of birth rate in February and March (Baruselli, 2005) (Fig.1) . This fact precludes the use of the strategic treatment for the control of all the endoparasites identified in this study as proposed by Láu (1999) , foreseeing medication interruption on the 180 th day of life, an age coinciding with the onset of spring in the Central and Southeastern Brazilian regions.
In spite of the previous reduction, the erythrogram values in wormed animals remained within the normal limits for the buffalo species according to Láu (1985) and Jain (1986) throughout the experimental stage. Probably, the reduced period of exposition to the infection versus the evaluation and the low parasitic level were not enough for the animals to develop acute or chronic anemia.
The results found in these animals do not exclude the possibility of young buffaloes to develop anemia due to parasitism by the regional nematode species. The mean values of the hematological indexes found in all animals are presented (Tables 2 to 7) according to the groups they belonged.
In buffaloes, as occur in bovines (Hammenberg, 1986) , the presence of parasite in the gastrointestinal tract is responsible for the competition for food, anorexia, digestion capacity decrease, limited protein and iron absorption, and for the blood spoliation of the wormed animals.
Discrete variations of the number of leukocytes and the proportion of different cell types along to the development of the animals are a normal response regarding all the species (Jain, 1986) . The results found by the present work, to the exception of eosinophils, agree with the mean values for buffaloes of the same age reported by Santos (1984) , Jain (1986) and Bonfim (1995) .
The presence of parasites in the gastrointestinal treat of buffaloes is responsible for the hematological parameters changes, which can reduce the capacity of animal development and production. The intensity of these changes and the type of immune response of animals are proportional not only to the level of parasitic challenge with the animals are exposed to, but also to their age, parasite species present in the property, time of the year, and techniques of nutritional management, besides the parasitic control adopted by the production system.
Once the normal hematological parameters and related alterations changes of the wormed buffaloes are known, the veterinarian is able to dispose of his diagnosis hypothesis other diseases presenting clinical evolution similar to parasitoses.
Conclusion
This study confirmed the interference of gastrointestinal nematodes present in the intestines of buffaloes younger than a year in blood profile. Wormed animals presented reduced serum concentration of hemoglobin, hematocrit, total serum protein concentration, and leukocytosis with eosinophilia. The variation intensity of the studied parameters
